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SUMMARY

Dysregulation of IL-6 synthesis is thought to play a role in the development of a number of age-related

conditions, such as rheumatoid arthritis, osteoporosis, atherosclerosis, Alzheimer's disease and B cell

malignancies. Recently it has been suggested that the production of IL-6 is in¯uenced by the adrenal

hormone dehydroepiandrosterone (DHEA) and its sulphated derivative DHEA-S. In humans we investi-

gated the relationship between DHEA-S, IL-6, IL-6 sR and TGF-b1 in the serum of normal healthy male

and female blood donors. Using immunoassay techniques we found that the serum levels of DHEA-S

signi®cantly (P� 0´0001) decreased with age in both males and females. Furthermore, mean DHEA-S

levels in all age groups were signi®cantly (P� 0´0001) higher in males. Such correlations were not

apparent for IL-6 using a standard assay, but a high sensitivity assay revealed that serum IL-6 was

signi®cantly (P� 0´0018) positively correlated with age in males only. In addition, serum levels of

DHEA-S were signi®cantly (P� 0´048) negatively correlated with serum IL-6, again in male subjects

only. In contrast, serum IL-6 sR and TGF-b1 levels were not correlated with age in either males or females

and were not signi®cantly different between the sexes. However, a signi®cant (P� 0´024) negative

correlation between DHEA-S and IL-6 sR was found in males. These studies clearly highlight the

complex nature of the relationship between these molecules in the ageing process in normal healthy blood

donors and demonstrate the need to use high sensitivity assays when measuring IL-6 in apparently healthy

individuals under the age of 70 years.
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INTRODUCTION

Currently there is much interest in immunosenescence. However, it

is only recently that we have begun to understand the cellular and

molecular changes that take place in the ageing immune system

[1,2]. Of special interest is the dysregulation of cytokines in

ageing [3±6]. Ageing appears to result in a reduction of the key

Th1 cytokine, IL-2 [7,8] and an increase in the Th2 cytokine, IL-6

[8±13].

For a number of reasons the reported increase in IL-6 has

attracted much attention among gerontologists. It has been sug-

gested that dysregulation of IL-6 synthesis may play a role in

the development of a variety of age-related conditions such as

rheumatoid arthritis [14], osteoporosis [15], atherosclerosis [16],

Alzheimer's disease [17,18] and B cell malignancies [19]. Further-

more, it has been shown that the production of IL-6 is in¯uenced by

the adrenal hormone dehydroepiandrosterone (DHEA) and its

sulphated derivative DHEA-S [20±23]. For example, it has been

demonstrated that IL-6 levels were elevated in serum samples

obtained from aged mice, and this increase in IL-6 could be

reversed by supplementing ageing animals with DHEA-S [20].

Similarly, we have previously reported that DHEA and DHEA-S

inhibited the production of IL-6 in unstimulated human spleen cells

in culture [21]. The circulating levels of DHEA-S are known to

decline with age [24±27]. These observations, coupled with the

knowledge that circulating levels of DHEA but not cortisol decline

with age [28], have led to the belief that certain age-related

immune dysfunctions may be prevented or reversed by oral

replacement of DHEA [20,29±34].

Collectively, these observations are very important in relation

to our understanding and management of a number of age-related
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conditions. However, the studies of age-related increases in circu-

lating IL-6 levels have given rise to con¯icting data [35]. A

combination of small sample sizes, poorly selected normal healthy

donors, variability in the assays employed and problems arising

because the data obtained from males and females have been

combined has fuelled this disagreement. In this study we have

attempted to address some of the problems by studying the

relationship between DHEA-S and IL-6 levels in serum obtained

from a much larger population of normal healthy blood donors than

previously examined. In addition, we have examined the IL-6 sR

and TGF-b1 levels in a proportion of our samples. We chose to

measure IL-6 sR to see whether the serum concentrations of this

molecule alter with age in light of the recent study which suggests

that it serves to reduce the bioavailability of circulating IL-6 [36].

Similarly, TGF-b1 was examined since a recent report suggests

that DHEA could induce this anti-in¯ammatory cytokine by

murine macrophages [37]. These studies extend our knowledge

of these molecules in the ageing process of normal adults and

provide a reference base for future studies in this area.

MATERIALS AND METHODS

Serum samples

Serum samples were obtained from normal healthy blood donors

and were provided by the Edinburgh and South East Scotland

Region Blood Transfusion Service. All samples passed routine

Blood Transfusion Service screening and were aliquoted and

stored at ÿ208C within 48 h of withdrawal and assayed within 4

weeks. Repeated freeze/thawing was avoided. Sera from 412 male

donors (age range 17±69 years) and 395 female donors (age range

17±68 years) were used in this study.

Donor health criteria

All donors were classi®ed as healthy according to the strict criteria

laid down by the Blood Transfusion Service in the UK [38].

Brie¯y, this means that all new blood donors have been inter-

viewed and examined by a medical consultant to ensure that they

pass a stringent health check. Donors are excluded from donating if

they have a history involving a number of medical conditions.

These include: cardiovascular disease, central nervous system

diseases, gastrointestinal diseases, certain infectious diseases,

renal diseases, malignancy and respiratory diseases. They are

also excluded if they are waiting to see a doctor or other health

care professional, having treatment of any kind, have taken any

medication in the last 5 days or have had contact with an infectious

disease in the last 4 weeks. In addition, all samples that were used

tested negative for hepatitis B surface antigen, antibodies to HIV-1,

HIV-2, hepatitis C and Treponema pallidum (syphilis).

Immunoassays

Serum DHEA-S and IL-6 levels were measured using chemilumi-

nescent assays on an Immulite automated analyser (Euro/DPC,

Gwynedd, UK) according to the manufacturer's instructions

[39,40]. The reporting range for the Immulite assays was 0´81±

27 mM for the DHEA-S assay and 2±2000 pg/ml for the IL-6 assay.

For the sake of statistical analysis, samples which fell below the

reporting range of the Immulite IL-6 assay were ascribed a value of

1 pg/ml, i.e. half way between 0 and the lower limit of detection.

The intra-assay and interassay coef®cients of variation (CV) were

found to be 6´2% and 7´4% for the DHEA-S assay and 7´8% and

8´1% for the IL-6 assay. Although both DHEA and its sulphated

derivative can be readily assayed, DHEA-S is often measured in

preference to DHEA, as the circulating levels of the sulphated

derivative are approximately 500 times higher [41] because of

its much lower metabolic clearance rate and minimal diurnal

variation [42].

Because the IL-6 levels in a large number of samples were

found to be below the reporting range of the automated Immulite

assay, a number of samples from each decade, chosen at random

without reference to their Immulite values, were re-assayed with a

high sensitivity IL-6 ELISA (Quantikine HS; R&D Systems,

Abingdon, UK). Unfortunately, ®nancial constraints prevented

the re-assay of all samples. The sensitivity of this assay was

approximately 0´1 pg/ml and the intra-assay and interassay CV

were found to be 6´1% and 8´2%. In addition, serum IL-6 sR and

TGF-b1 levels were measured in a random selection of samples

from each decade in the range 20±59 years using ELISAs (Quan-

tikine; R&D Systems). Again, all age ranges could not be included

due to ®nancial restrictions. The sensitivities of these assays were

3´5 pg/ml for the IL-6 sR assay and 7 pg/ml for the TGF-b1 assay.

The intra-assay and interassay CV were 2´6% and 4´2% for the

IL-6 sR assay and 4´9% and 7´7% for the TGF-b1 assay.

Statistical analysis

All data are given as the mean 6 s.d. unless otherwise stated.

Correlations between serum concentrations of DHEA-S, IL-6, IL-6

sR, TGF-b1 or age were determined by linear regression analysis.

Comparisons between groups were assessed using Student's t-test.

Statistical analysis was performed using StatView 512� software

(BrainPower, Agoura Hills, CA). P< 0´05 was considered to be

signi®cant.

RESULTS

Serum DHEA-S levels

Age-related and gender-related differences in the concentrations of

DHEA-S in the serum of normal healthy blood donors were found

and the results are shown in Table 1 and Fig. 1. Table 1 shows the

mean DHEA-S levels in a variety of age groups throughout

adulthood. Mean levels of DHEA-S in all age groups were

signi®cantly (P� 0´0001) higher in males. The DHEA-S concen-

tration peaked at age 17±19 years in females and at age 20±29

years in males. Mean values subsequently steadily declined in both

males and females, reaching approximately one third of their

maximum concentration by age 60±69 years. As previously

shown [24,26,27], serum DHEA-S was found to be negatively

correlated with age in both males and females (Fig. 1). This age-

related decrease in DHEA-S was found to be highly signi®cant in

both males and females (P� 0´0001).

Serum IL-6 levels

The concentrations of IL-6 in the sera of normal healthy blood

donors, measured using the Immulite assay, are shown in Table 1.

The serum concentration of IL-6 in 376 male subjects ranged from

non-detectable to 41´4 pg/ml, and that in 359 female subjects

ranged from non-detectable to 48´5 pg/ml. It should be noted that

approx. 60% of the male subjects and 65% of the female subjects

had < 2 pg/ml serum IL-6 using this standard assay. As previously

indicated, in order to undertake statistical analysis these samples

falling below the detectable range of the assay were ascribed a

value of 1 pg/ml. The pooled Immulite data presented in Table 1

suggested an increase in circulating IL-6 up to the 30±39 age group
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in males and the 40±49 age group in females, after which the mean

values declined in both males and females. Although serum IL-6

appeared to be negatively correlated with age in females, this was

not found to be signi®cant (P� 0´441). No signi®cant difference

between the sexes was found for IL-6 using the Immulite assay

(P� 0´620).

Because of the high percentage of samples falling below the

detectable range of the Immulite assay, serum IL-6 was also

measured in a proportion of the samples using a high sensitivity

assay. Initially, 26 samples with IL-6 concentrations ranging from

2´0 to 39´8 pg/ml in the Immulite assay were re-assayed using the

high sensitivity assay and the results compared. The Immulite

method only gives a value for IL-6 if it is above 2 pg/ml. Therefore,

all of the samples which fell below this range could not be

compared. However, where samples gave positive results in both

methods the assays correlated well (r� 0´95) and the differences

between the two assays were not statistically signi®cant (P� 0´09).

The results presented in Table 1 demonstrate that the values

obtained for the Immulite assay were generally higher than those

obtained with the high sensitivity assay. This was probably due to

the fact that non-detectable Immulite samples were ascribed a

value of 1 pg/ml whereas the ELISA could detect IL-6 levels as

low as 0´1 pg/ml, and also because of the much larger number of

samples measured in the Immulite assay. Age-related and gender-

related differences in the concentrations of IL-6 in the sera of

normal healthy blood donors, measured using the high sensitivity

assay, are shown in Table 1 and Fig. 2. The mean serum con-

centration of IL-6 in 67 male subjects ranged from 0´52 pg/ml to

11´08 pg/ml and that in 67 female subjects ranged from 0´43 pg/ml

to 20´92 pg/ml. Using this assay, serum IL-6 was found to be

positively correlated with age in males but not in females (Fig. 2).

This age-related increase in IL-6 was found to be highly signi®cant

(P� 0´0018) in males but was not signi®cant in females (P�

0´231), although examination of the pooled data presented in

Table 1 appeared to show an increase in IL-6 using the ELISA

method for women in the 60±69 years age group. No signi®cant

difference between the sexes was found for IL-6 using the high

sensitivity assay (P� 0´839).

Serum DHEA-S and IL-6 levels

Serum levels of DHEA-S were signi®cantly negatively correlated

with serum IL-6 (as assessed in the high sensitivity assay) in male

subjects only (Fig. 3) (P� 0´048 for males and P� 0´955 for
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Table 1. Concentrations of DHEA-S and IL-6 (as measured in the Immulite and R&D assays) in the serum of healthy male and female blood donors in

different age groups

Male Female

DHEA-S Immulite R&D DHEA-S Immulite R&D

Age group (years) (mM) IL-6 (pg/ml) IL-6 (pg/ml) (mM) IL-6 (pg/ml) IL-6 (pg/ml)

17±19 8´10 6 2´52 (50) 1´47 6 1´45 (49) 1´16 6 0´40 (6) 5´15 6 2´45 (66) 1´48 6 1´40 (61) 2´13 6 1´33 (10)

20±29 9´57 6 3´43 (75) 2´48 6 2´70 (67) 1´56 6 1´00 (12) 4´76 6 2´66 (73) 3´62 6 6´59 (67) 1´44 6 0´64 (11)

30±39 7´56 6 3´22 (89) 3´25 6 5´41 (82) 1´23 6 0´54 (12) 4´49 6 2´04 (69) 2´47 6 2´75 (63) 1´77 6 1´47 (11)

40±49 5´79 6 2´17 (73) 3´14 6 5´63 (67) 2´20 6 2´29 (12) 3´90 6 1´95 (70) 3´63 6 6´85 (65) 1´38 6 0´40 (10)

50±59 4´39 6 2´21 (70) 2´99 6 3´97 (63) 1´85 6 1´04 (12) 2´69 6 1´62 (61) 2´13 6 2´43 (54) 1´83 6 0´78 (12)

60±69 3´54 6 2´49 (55) 2´49 6 3´55 (48) 3´39 6 3´08 (13) 2´06 6 1´29 (56) 1´63 6 2´01 (49) 3´54 6 5´29 (13)

Results are means 6 s.d. with the number of subjects in parentheses. Samples with IL-6 levels below the reporting range of the Immulite assay (2 pg/ml)

have been ascribed a value of 1 pg/ml for statistical purposes, since this is half way between 0 and the lower limit of detection for this assay.

25

20

15

10

5

0

D
H

E
A

-S
 (

µM
)

10

Age (years)

20 30 40 50 60 70 10 20 30 40 50 60 70

Male Female

Fig. 1. The correlation between serum DHEA-S levels and age in 412 male

and 395 female healthy subjects. The individual values and regression lines

are given. Note the highly signi®cant negative correlation of DHEA-S with

age in both males (r� ±0´582, P� 0´0001) and females (r� ±0´464,

P� 0´0001).
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Fig. 2. The correlation between serum IL-6 and age in 67 male and 67

female healthy subjects as revealed using the high sensitivity R&D assay.

The individual values and regression lines are given. For clarity a value of

20´92 pg/ml, obtained for one female aged 60 years, has been omitted from

the ®gure but is included in the linear regression and other statistical

analyses presented. Note the highly signi®cant positive correlation of IL-6

with age in males (r� 0´375, P� 0´0018) but not in females (r� 0´148,

P� 0´231).



females). Normal healthy male subjects with high DHEA-S serum

levels had low IL-6 serum levels and vice versa.

Serum IL-6 sR levels

The mean serum concentration of IL-6 sR in 38 male subjects

(age range 20±58 years) was 34´9 6 1´28 ng/ml (ranging from

20´4 ng/ml to 53´1 ng/ml) and that in 38 female subjects (age

range 22±58 years) was 33´5 6 1´19 ng/ml (ranging from

22´5 ng/ml to 50´4 ng/ml). Serum IL-6 sR was not correlated with

age in either males or females (Fig. 4) and there were no signi®cant

differences between the sexes at all ages (P� 0´408). However, a

negative correlation was found between DHEA-S and IL-6 sR

(r� ±0´366) in males but not in females. This DHEA-S-related

decrease in IL-6 sR in males was found to be signi®cant

(P� 0´024). In contrast, serum IL-6 sR levels were not correlated

with IL-6 levels in either males or females.

Serum TGF-b1 levels

The mean serum concentration of TGF-b1 in 38 male subjects

(age range 20±58 years) was 39´5 6 1´30 ng/ml (ranging from

26´7 ng/ml to 60´8 ng/ml) and that in 38 female subjects (age

range 22±58 years) was 38´8 6 0´94 ng/ml (ranging from

28´4 ng/ml to 53´3 ng/ml). Serum TGF-b1 was not correlated

with age in either males or females (Fig. 4), and there were no

signi®cant differences between the sexes at all ages (P� 0´376). In

addition, serum TGF-b1 levels were not correlated with DHEA-S

or IL-6 levels in either males or females.

DISCUSSION

In this study we investigated the relationship between DHEA-S,

IL-6, IL-6 sR and TGF-b1 in the sera of normal healthy male and

female blood donors. While the results for DHEA-S con®rm and

extend previous data, the relationship between age and IL-6 levels

in individuals under the age of 70 years is less clear cut. Further-

more, we provide additional data on the serum levels of IL-6 sR

and TGF-b1 in normal healthy ageing.

The effect of age and sex on DHEA-S levels in adults has

previously been described [24±27]. This study con®rms the results

of these earlier ®ndings and clearly demonstrates that in normal

healthy male and female blood donors up to the age of 70 years,

serum DHEA-S levels signi®cantly decline with age. Although we

did not carry out a longitudinal study, it is worth noting that within

an individual the levels of DHEA-S may ¯uctuate over time but the

general trend is a decline [43]. Despite the high variability of serum

DHEA-S levels among individuals, we were able to demonstrate a

highly signi®cant difference between the sexes (P� 0´0001).

Previous studies suggest that this variation is largely due to

differences in the DHEA-S clearance rate between men and

women [44]. Our results demonstrate that the DHEA-S levels

peaked at age 20±29 years in males and at 17±19 years in females,

which is in agreement with earlier studies [24]. We also noted a

slight rise in the mean DHEA-S levels in women at age 35±44

years. This result was apparent where we shifted the decades

slightly and re-examined the data in the 17±24 (5´17 mM), 25±34

(4´37 mM), 35±44 (4´61 mM), 45±54 (3´10 mM), 55±64 (2´04 mM) and

65±74 year (1´83 mM) age groups. A recent study has suggested that

this is due to a premenopausal rise in DHEA [27].

Our study of the circulating levels of IL-6 demonstrate the

problems associated with measuring this molecule in normal

healthy donors using standard clinical assays. Approximately

60% of all samples we assayed had IL-6 levels which fell below

the reporting range for the Immulite assay. Previously we demon-

strated that a relatively high number of normal healthy samples had

undetectable levels of IL-6 using a standard ELISA [21]. In the

present study we found no evidence to suggest an age-related

increase in circulating IL-6 using the Immulite assay. It was only

when we carried out a high sensitivity IL-6 assay that we could

demonstrate an age-related increase in IL-6. Furthermore, this

relationship was found to be signi®cant only in males. This

result agrees with a previous report on a small group of samples,

which found that plasma IL-6 was higher in older subjects

compared with younger ones, the relationship being only signi®-

cant in males [9]. However, our results contrast with a recent study

using a similar high sensitivity assay and similar numbers of

samples, which suggested that serum IL-6 was signi®cantly posi-

tively correlated with age in both males and females [23]. It is

worth noting, however, that the aforementioned study included

samples from individuals between 70 and 80 years of age, and

therefore a direct comparison is not possible. It may be that such

differences become apparent in much older age groups, because we

too have observed a higher incidence of IL-6 in a small number of

samples from adults over 70 years of age (results not shown).
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Although all of the sera analysed in the present study were obtained

from individuals who met the strict criteria laid down by the Blood

Transfusion Service in the UK, we can not rule out the possibility

that the occasional high IL-6 value observed was due to some

undetectable subclinical infection or disease not apparent at the

time of sampling. This is obviously a matter which needs to be

taken into consideration when interpreting this type of data, since

earlier reports have suggested that plasma and serum IL-6 levels

are relatively sensitive to health status [8,45]. However, in our

present study we did ®nd a higher incidence of these higher IL-6

levels in males who were in the older age groups.

Several other groups have measured plasma IL-6 in healthy

young and old subjects, combining their data for males and

females, and found signi®cantly higher IL-6 levels in older sub-

jects [11,13]. Others have suggested that serum IL-6 levels are

similar in healthy young and elderly individuals. For example, one

group found the circulating levels of IL-6 in a group of 26 elderly

individuals with a mean age of 79 years to be indistinguishable

from the levels found in a group of 13 young individuals with a

mean age of 29´9 years [35]. It is unclear why these discrepancies

in the literature exist, but they can partly be explained by

differences in assay methods, sample sizes, health and ages of

volunteers, and combining the results obtained from males and

females. For example, one group used a bioassay to measure IL-6

and assayed samples from only 20 young and 18 elderly volunteers

aged 21±99 years, and also combined the results from males and

females [11]. Another group measured IL-6 using a commercial

ELISA in samples from people in the range 23±87 years old, again

combining their data from males and females [13]. It is, however,

worth noting that previous studies generally agree with our ®nding

that circulating IL-6 levels do not vary signi®cantly between the

sexes [23,35].

We found that serum IL-6 levels were signi®cantly inversely

correlated with serum DHEA-S levels in healthy male subjects but

not in female subjects. This result is in contrast with a recent report

which found signi®cant negative correlations between serum IL-6

and DHEA-S in both males and females [23]. We also observed a

similar association in a small number of paediatric and geriatric

samples (results not shown). We found that children under 7 years

old and adults over 70 years old had an extremely low DHEA-S

serum level but a relatively high IL-6 serum level (both males and

females). In general, it would appear that samples with high

DHEA-S serum levels have a corresponding low IL-6 serum

levels and vice versa. In this regard, our results may lend support

to those claims which suggest the usefulness of DHEA replace-

ment therapy in the treatment of age-related immune dysfunctions

[20,29±34].

As far as we are aware there has been no previous attempt to

measure IL-6 sR and only one attempt to measure TGF-b1 [35]

levels throughout adulthood in normal healthy individuals. We

failed to demonstrate any age- or gender-related differences in

either of these molecules in either male or female blood donors

between 20 and 59 years of age. Of interest is the fact that

circulating IL-6 sR levels were found to be approximately 10 000

times higher than the corresponding circulating IL-6 levels. This

might suggest the rapid neutralization of IL-6 in the circulation by

its soluble receptor, but as yet there is no experimental proof to

support this. Of note was our observation that there was a

signi®cant negative correlation between circulating DHEA-S and

IL-6 sR in males. However, we are at a loss to explain the signif-

icance of this ®nding and clearly it warrants further investigation.

Our TGF-b1 results agree with and extend a previous study which

reported that the levels of this molecule were similar in serum

samples from healthy young individuals (mean age 30 years) and

healthy elderly individuals (mean age 79 years). However, it is

worth noting that they used a TGF-b1 bioassay and appeared to

®nd much lower levels than we found using an ELISA. While it has

previously been suggested that DHEA can induce TGF-b1 produc-

tion in mitogen-stimulated murine macrophages [37], our results

indicate that the circulating levels of this anti-in¯ammatory cyto-

kine do not vary with age within the age range 20±59 years, unlike

DHEA-S levels which decline by approximately 50%.

Overall, our ®ndings, at least in males, are consistent with the

idea that ageing is associated with a signi®cant decrease in the

circulating levels of DHEA-S and a slight increase in the circulat-

ing levels of IL-6. Furthermore, we can speculate on the possibility

of gender-related differences in the control of IL-6 levels by

DHEA between males and females. In comparison, we found

that the circulating levels of IL-6 sR and TGF-b1 did not sig-

ni®cantly change with ageing in either males or females. Never-

theless, our ®ndings in males lend support to the suggestion that the

production of IL-6 is in¯uenced by DHEA-S [20,22,23]. However,

our results clearly highlight the complex nature of the relationship

between these molecules in the ageing process, and demonstrate

the need to use high sensitivity assays when measuring IL-6 in

apparently healthy individuals under the age of 70 years.

In conclusion, the relationship between DHEA-S, IL-6 and

IL-6 sR appears to be much more complex than previously

appreciated and further studies are clearly warranted. In this

regard we believe that particular attention should be devoted to

investigating the in¯uence of DHEA on the production of IL-6 in

isolated lymphocytes from young and old individuals in vitro.

Although previous reports have studied the effects of DHEA on

IL-6 secretion in vitro [21,23], we are currently undertaking studies

on the effects of DHEA on the transcriptional control of IL-6

expression and hope to report our ®ndings in the near future.
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